Context. The relatively rapid spatial and temporal variability of the X-ray radiation from some molecular clouds near the Galactic center shows that this emission component is due to the reflection of X-rays generated by a source that was luminous in the past, most likely the central supermassive black hole, Sagittarius A . Aims. Studying the evolution of the molecular cloud reflection features is therefore a key element to reconstruct Sgr A 's past activity. The aim of the present work is to study this emission on small angular scales in order to characterize the source outburst on short time scales. Methods. We use Chandra high-resolution data collected from 1999 to 2011 to study the most rapid variations detected so far, those of clouds between 5 and 20 from Sgr A towards positive longitudes. Our systematic spectral-imaging analysis of the reflection emission, notably of the Fe Kα line at 6.4 keV and its associated 4-8 keV continuum, allows us to characterize the variations down to 15 angular scale and 1-year time scale. Results. We reveal for the first time abrupt variations of few years only and in particular a short peaked emission, with a factor of 10 increase followed by a comparable decrease, that propagates along the dense filaments of the "Bridge" cloud. This 2-year peaked feature contrasts with the slower 10-year linear variations we reveal in all the other molecular structures of the region. Based on column density constraints, we argue that these two different behaviors are unlikely to be due to the same illuminating event.
Introduction
Sgr A is the supermassive black hole located in the center of the Galaxy, at a distance of about 8 kpc. Its estimated mass is 4 × 10 6 M (Ghez et al. 2008; Gillessen et al. 2009) , and despite the presence of gaseous features and stellar winds in the near environment surrounding the black hole, its quiescent X-ray luminosity is only about 10 33−34 erg s −1 (Baganoff et al. 2003) . This has motivated the development of several theoretical models based on radiatively inefficient accretion flows (Melia & Falcke 2001) . The intensity of Sgr A is also known to vary, showing rapid flares during which its luminosity has been observed to increase by a factor up to 160 (Nowak et al. 2012, and references therein) . Nevertheless, the current activity of Sgr A remains at least eight orders of magnitude lower than its Eddington luminosity, making this specimen one of the least luminous known supermassive black holes. The recent detection of a dense gas cloud falling towards the accretion zone of Sgr A (Gillessen et al. , 2013 provides evidence that the accretion rate onto Sgr A may vary, and since Active Galactic Nuclei (AGN) have a short duty cycle (∼ 10 −2 , Greene & Ho 2007) , Sgr A is not incompatible with being a low luminosity AGN in a temporary low state.
Furthermore, there are strong hints that Sgr A has experienced a higher level of activity in the past (see Ponti et al. 2013 , for a review). The large Fermi Bubbles observed in the GeV energy range and extending 10 kpc above and below the Galactic center (Su et al. 2010 ) could be the vestiges of such past activity. Indeed, even if it is not the only possible explanation, a past accretion event onto Sgr A could have injected enough energy into the Galactic center to create such structures in the last ten million years. On shorter time scales, the recent history of Sgr A can be reconstructed from the non-thermal emission emanating from the molecular clouds at the Galactic center (Sunyaev et al. 1993; Koyama et al. 1996; Murakami et al. 2000; Revnivtsev et al. 2004; Muno et al. 2007; Inui et al. 2009; Ponti et al. 2010 Ponti et al. , 2013 Terrier et al. 2010; Capelli et al. 2011 Capelli et al. , 2012 Nobukawa et al. 2011; Ryu et al. 2012 ).
The Galactic Central Molecular Zone (CMZ, Morris & Serabyn 1996) , which is composed of massive molecular clouds in the inner core of the Galaxy, displays strong and diffuse X-ray emission. Between 2 and 10 keV, this complex emission is at least composed of a uniformly distributed soft component described as a low temperature plasma, a less uniform but centrally peaked 6.7 keV line modelled by a hot plasma and clumpy 6.4 keV iron line emission correlated with molecular structures (Park et al. 2004; Nobukawa et al. 2010) . The presence of the X-ray fluorescent line of neutral iron was predicted by Sunyaev et al. (1993) and first detected by Koyama et al. (1996) . The strong variability of the 6.4 keV emission, detected in both Sgr B2 (Inui et al. 2009; Terrier et al. 2010) and the Sgr A region Capelli et al. 2012) , proves that an important fraction of the diffuse non-thermal emission is due to reflection. This reflected emission is created by Compton scattering and K-shell photo-ionization of neutral iron atoms produced by an intense X-ray radiation such as could have originated as a past large outburst of Sgr A (Sunyaev et al. 1993; Koyama et al. 1996; Sunyaev & Churazov 1998) . Nevertheless, the attribution of a specific emission feature to this physical process is not trivial since it can also be produced by the interaction of energetic charged particles, either fast electrons (Yusef-Zadeh et al. 2002) , subrelativistic protons (Dogiel et al. 2009 ), or nuclei (Tatischeff et al. 2012) , with molecular clouds.
Using XMM-Newton data from 2000 to 2009, Ponti et al. (2010) presented a characterization of Sgr A illumination variations with the first detection of superluminal apparent propagation in the collection of molecular clouds located between Sgr A and the Radio Arc. Since molecular cloud properties and positions along the line of sight are poorly constrained in this region, conclusions about the past activity of Sgr A are not straightforward. In particular, molecular clouds at different projected distances do not necessarily imply different flares from Sgr A . Ponti et al. (2010) showed that the data available up to 2009 was still consistent with just one single long illuminating event fading about 100 years ago. According to this scenario, the luminosity of Sgr A might have been around 10 39 erg s −1 for a few centuries. The lightcurve of Sgr A 's past luminosity could also be more complex, as suggested by an alternative geometry derived by Capelli et al. (2012) for the Sgr A region. Using Suzaku data on Sgr B and Sgr C, Ryu et al. (2012) also reported a flux variability of Sgr A during the past few centuries and interpreted it as multiple flares superposed upon a long-term high-state activity of Sgr A . Sgr A 's past higher level of activity seems manifest but the precise structure of this activity is less clear. The main focus of this work is to study both the variable emission in the Fe Kα and in the continuum (4-8 keV) in the key region located between Sgr A and the Radio Arc (hereafter the Sgr A complex), where the strongest variations have been detected. In particular, we take advantage of Chandra high spacial resolution in order to highlight the fine structure in the variable illumination.
Section 2 presents the observations and the data reduction. The analyses of the variations are then divided into three sections according to the scale and the energy range used. Section 3 describes a 6.4 keV map of the Sgr A complex and a three-period RGB map in order to localize the non-thermal emission and to provide the overall picture of its variations. Section 4 presents the Fe Kα emission variations of two clouds having very different time behaviors. Section 5 presents a systematic 4-8 keV analysis of the small-scale variations over a large part of the Sgr A complex. It gives the spatial distribution of the two different time behaviors represented in the complex. In section 6, the possible origins of the different observed time behaviors are discussed and interpreted in terms of two past outbursts of Sgr A . The conclusions are summarized in section 7.
Observations and Data Reduction
In order to follow the interstellar echo of the past activity of Sgr A , we were granted a specific 160 ks observation run with Chandra in July 2011. Our analysis is focussed on the ten arcmin squared region centred on (l,b) = (0.06
• , −0.10 • ). To understand the pattern of its variations we also use all available Chandra data of this region from 1999 to 2010, restricting our analysis to the ACIS-I data in order to avoid background and off centred point spread function issues. All observations used in this work are detailed in Table 1 . Since a large exposure time is needed to perform a precise analysis, we group the different pointings according to the observation year. Most of the selected observations are pointed towards Sgr A and, due to Chandra field of view and to the different observation strategies, the eastern part of the region is not uniformly covered.
We use the latest version of the data available in the Chandra archive as of July 1st 2012, which includes up-to-date astrometry and energy calibration. The data reduction is then performed using Chandra software CIAO version 4.4
1 .
Flux Mosaics
Bad pixels are removed using the CIAO ardlib routine and bpix1.fits file provided with the data. Using the celldetect routine, we detect point sources and exclude them to extract the observation lightcurve in order to detect particle background flares. We cut such time intervals by running twice the deflare routine, which removes events with count rate higher than twice the total mean count rate.
To estimate the background contribution, Chandra analysis software provides blank sky event files. We reproject them in order to match the observation astrometry using the reproject_events routine and the asol1.fits file provided with the data. In this work they are used as background event files. Instrumental lines and Galactic low-energy emission are not traced by this background estimator. Therefore, following Ponti et al. (2010) , we restrict our analysis to the 4-8 keV energy range in order to have a relevant estimate of the background.
In the 4-8 keV range, the strongest signature of the high-energy reflection is the Fe Kα fluorescent line at 6.4 keV (Nandra & George 1994) . To visualize its variation we first build continuum-subtracted Fe Kα flux maps. For each event file, counts with energy between 6.32 and 6.48 keV are integrated over time and the corresponding exposure map is created using the merge_all routine. The same procedure is applied to counts with energy in the 4-6.32 and 6.48-8 keV bands. Then, assuming the continuum spectral shape is described by a power-law of photon index Γ = 2, we rescale this continuum image (using a factor of 0.052) to obtain the contribution of the continuum emission underlying the Fe Kα line. If several observations are grouped, signal, continuum and exposure maps are merged into their respective mosaics using the reproject_image_grid routine. Then, the final flux mosaic is obtained by dividing the signal mosaic by the corresponding exposure mosaic and subtracting the associated continuum flux.
Spectral analysis
In order to better constrain the Fe Kα line variability we also study the spectral shape of the emission by fitting it with a simple model. In order to obtain the required statistics, this analysis is restricted to the following nine years: 2000, 2002, 2004, 2005, 2006, 2008, 2009, 2010 and 2011. For each observation, we use the specextract routine to extract source and background spectra for extended regions and to build the associated weighted Ancillary Response File (ARF) and Redistribution Matrix File (RMF). Because most observations do not have sufficient counts to conduct a proper analysis on the region we are interested in, we sum spectra per year and region using the combine_spectra routine. As the energy calibration depends on the position within a CCD, it varies from observation to observation, therefore the spectra summation slightly increases the Fe Kα line width and prevents us from using this parameter in the analysis. Lastly, to improve the performance of the spectral fit, spectrum counts are grouped with group_counts to have at least forty counts per bin.
We choose to restrict the spectral energy range to 4-7.1 keV because the reflection component contribution is larger in this range and the soft plasma (1 keV) contribution is reduced. The Chandra data statistics does not allow a full characterization of the spectra, but previous analysis of the region with both XMM-Newton Capelli et al. 2012) and Suzaku (Nobukawa et al. 2010 ) demonstrated that they are compatible with the superposition of a reflection spectrum and a thermal component. The simplest model fitting the derived spectra is therefore a gaussian Fe Kα emission line added to a power-law continuum and to a thermal emission characterized by a 6.5 keV temperature plasma (Koyama et al. 2007 ). The poor statistics and the energy range are limits to properly determine both the photon index and the column density parameters of the absorbed power-law, so we decided to use a simple power-law to model the continuum emission even if its index cannot be considered at face value. Therefore, we fit the data using the Xspec model: gaussian + powerlaw + apec. For each region, the hot-plasma component is expected to be constant over the years whereas the reflection of high-energy emission induces the Fe Kα line and the continuum emissions to vary in a correlated way. In order to reduce the number of free parameters, the hot-plasma temperature is fixed to 6.5 keV (Koyama et al. 2007 ) and the same normalization is used across the years for a given region. Moreover, the iron line width and position are assumed to be constant across all studied regions for a given year. Hence, we first fit these two parameters for each year on a large region spectrum, these values being then fixed for all fits on individual regions. Therefore, for each region, we fit simultaneously the 9 × 3 + 1 free parameters left on the nine year spectra coverage. The free parameters are the hot-plasma normalisation, the nine years iron line amplitudes and the nine years continuum indices and normalisations. The fit is performed using a chi-square statistic with the Gehrels variance function (Gehrels 1986 ). For regions large enough to conduct a proper spectral analysis, we build Fe Kα flux lightcurves. The errors on the flux are given by the confidence interval of the fit at 1 σ.
Fe Kα emission: global view of the central 30 pc
The diffuse emission due to reflection of high-energy radiation (> 7.1 keV) is mainly characterized by the neutral iron line emission at 6.4 keV. We identify the large areas emitting at this energy and characterize their overall Fe Kα variations in this section.
Correlation with molecular structures
To visualize the distribution of neutral Fe K emission in the Sgr A complex we build a mosaic map based on available Chandra data from 1999 to 2011. As the large amount of 2002 exposure time tends to dominate the flux mosaic, we decided to use only observation 3392 for this year, in order to properly identify all the regions emitting within the period 1999-2011. The bright regions of the Sgr A complex (MC1, MC2, Br1, Br2 and G0.11-0.11) and the Arches cluster are identified by ellipses in Figure 1 (left panel). The cloud designation is similar to the one used by Ponti et al. (2010) , except that the Bridge region is now split in two clouds: Br1 and Br2. In addition to these bright regions, a lower level of emission is also visible, having the shape of two large filaments going north of MC1 towards the Arches cluster, and the hint of a third and even fainter structure extending south of MC2 and Br1. From this map it is clear that a significant fraction of the region has been illuminated for at least part of the past decade.
An Fe Kα map showing the distribution of illuminated features seen in July 2011 by Chandra is also presented in Figure 1 (right panel). From this map we see that the brightest emission was then in the eastern part of MC1 and in the Bridge, with in particular a new elongated bright structure in the center of Br2. Almost no bright emission is left in the other two areas.
Following the method of Ponti et al. (2010) we used molecular line data to identify the X-ray emitting regions that are correlated with coherent molecular structures. The N 2 H + molecule is a good tracer for dense dark clouds and happens to best match the distribution of X-ray emission seen in the Sgr A complex. Therefore, we used the N 2 H + J=1-0 data-cube provided by the MOPRA CMZ surveys (Jones et al. 2012 ) with an angular resolution around 40 arcsec. The three maps shown in The G0.11-0.11 cloud is visible around +20 km s −1 and the N 2 H + emission highlights the two elongated features of this structure that are also visible in the 1999-2011 X-ray mosaic. The two parts of the Bridge region, Br1 and Br2, are visible around +50 km s −1 . From the molecular line data we can infer that there are three coherent and distinct structures. Their respective column densities and positions along the line of sight cannot be derived from these maps and will be discussed along with the different possible interpretations of the X-ray reflection in these structures (section 6).
Time variations of few arcmin scale regions and comparison with previous works
The neutral iron Kα line emission from molecular clouds is strongly variable in the inner regions of the Galaxy, providing the evidence that an important part of the diffuse emission is due to reflection. Therefore, studying these variations is crucial to constrain the illuminating event. The general trend of these variations has already been characterized on arcminute scale structures Capelli et al. 2012 ) and we perform here a similar analysis of the Chandra data. 
Fig. 2. Three N2H
+ maps obtained from a MOPRA survey (Jones et al. 2012) . The images are integrated over different velocity ranges in order to emphasise coherent structures. Regions identified in the X-ray map are overlaid: they appear in three different velocity ranges. The molecular cloud associated with the Arches cluster appears in a fourth range around −25 km s −1 , which is not shown here.
Samples of spectra and corresponding fits obtained on the Bridge region (as defined by Ponti et al. 2010 , and including Br1 and Br2) are presented in Figure 3 . These three plots show three relevant periods of the progressive illumination of the Bridge structure (2002, 2008 and 2011) . The nine overall Bridge spectra were fitted simultaneously as explained in section 2.2. The fit results specific to the three spectra plotted in Figure 3 are presented in Table 2 .
On corresponding years, the fit results are fully consistent with the previous analysis, for all regions. Our new spectral characterization also provides three more data points (2000, 2010 and 2011) to the Fe Kα flux lightcurve of each region and thereby increases the significance of the variations. On a large scale, the Bridge Fe Kα flux has significantly increased (linear regression 20 σ better 
Notes. The nine year spectra were fitted simultaneously (χ 2 gehrels / d.o.f. = 1148 / 1395) giving for each year the Fe Kα line flux, the continuum photon index and its normalization. We point out once more that the continuum emission is modelled by a simple power-law and that the physical interpretation of its parameters is not straightforward. The hot plasma normalization obtained for the Bridge region fit is (1.83 ± 0.08) × 10 −3 cm −5 . The other parameters were fixed following section 2.2.
than constant fit) and we report the illumination of the Br2 region in 2011, confirming the propagation along The emission has been strongly varying in the Sgr A complex with a clear trend from west to east in MC1 and MC2, a late illumination of Br1 and Br2, and more complex variations in G0.11-0.11. We assume Br2 emission is only associated with the blue patch at the center of the region, the rest being mostly due to the underlying G0.11-0.11 cloud.
the Bridge predicted by Ponti et al. (2010) . In the MC2 cloud, the Fe Kα flux has clearly decreased (6.8 σ), which confirms the trend suggested by Capelli et al. (2012) . The emission of the overall MC1 cloud has not shown significant variations (2.7 σ and down to 1.8 σ if we remove the 2000 data point which is 3 σ lower than the constant fit). Concerning G0.11-0.11, the coverage of the entire region is not sufficient to draw conclusions about its overall emission variation, but its generally decreasing trend will be characterized by a smaller scale analysis in section 5. Therefore, our arcminute scale characterization of the variations confirms the general trends described in previous works.
Motivations for smaller scale characterization
Our previous analysis of the arcminute scale structures assumes the X-ray emission is due to coherent and independent clouds. Nevertheless, this is often not the case since different structures can be positioned along the line of sight, as it is the case for G0.11-0.11 and the Br2 structures. Moreover such an analysis is unable to characterize variations smaller than the cloud physical size (about 8 light-years) and is therefore unable to fully characterize the accurate profile of Sgr A 's past emission in case of fast variations.
In order to visualize the emission variations inside these large structures we build a RGB map with the three colors corresponding to three different time periods between 1999 and 2011. This map, presented in Figure 4 , shows that all emitting areas have been varying, including the MC1 cloud. This last structure, characterized as constant by the larger scale analysis, is in fact composed of subregions that have been varying differently (see section 4.2 for further characterization). Moreover, variations are not random. The MC1 emission has been moving from west before 2003 to east after 2008. In MC2, the signal has been going from west before 2003 to mainly off after 2008, and the Bridge seems to be a coherent area becoming illuminated between 2008 and 2011. G0.11-0.11 variations are more complex as illuminated patches are appearing and disappearing in all three periods.
A spectral analysis performed on the full cloud scale hides small scale variations highlighted instead by both image comparison and spectral analysis on smaller scales (section 4). Therefore, working on large scales in order to obtain high-statistic spectra to fully characterize the emission can be double-edged. Indeed, large-scale spectra are de facto including different structures that are not equally illuminated. This is why large-scale spectral parameters such as the iron line intensity and its equivalent width have to be interpreted with great caution. For this reason we decided not to work any further on large-scale spectra but to use Chandra high angular resolution in order to further characterize variations on the smallest possible scale.
Fe Kα emission: variations on a scale of 26 × 61
This section focusses on the analysis of two bright regions: the Bridge and MC1. These molecular clouds show strong Fe Kα variations but with two different behaviors.
The Bridge: strong variation on a short (year) time scale
The previous RGB map gives a clear view of the variations occurring in the Sgr A complex region except maybe for the Bridge area that has been varying only in the last few years. Figure 6 gives a more precise view of the evolution of the Bridge emission during the last four years. In particular, it confirms that Br2 was not strongly illuminated before 2011. Its 2011 emission is then relatively strong and condensed into a very thin region having physical dimensions at 8 kpc of about 0.2 × 1 pc 2 and it is located at least 23.4 pc from Sgr A . We extract the 2011 spectrum of the bright region highlighted by a red rectangle in Figure 5 and we take the sum of all previous year spectra as background spectrum. Both are shown in Figure 5 .
The subtracted spectrum only includes the variations −6 ph cm −2 s −1 and the equivalent width is more than 2 keV, suggesting a higher metallicity than previously anticipated.
induced by the reflection and can be simply fitted by a power-law continuum and a gaussian iron Kα line emission.
The Fe Kα line intensity best fit is (3.2 ± 0.6) × 10 −6 ph cm −2 s −1 (χ 2 gehrels /d.o.f. = 7.8/6). By considering the illuminated region has a filamentary shape, we assume that its depth along the line of sight is no more than its width, i.e., about 0.2 pc. We assume that its column density is around 10 23 cm −2 (consistent with the overall Bridge column density derived by Ponti et al. 2010) , it would mean that the filament density is around 2 × 10 5 cm −3 , which is already conservative. Following Sunyaev & Churazov (1998) , we can then compute the minimum Sgr A luminosity needed to illuminate this region. We find that the luminosity between 2 and 10 keV had to be at least of the order of 10 39 erg s −1 . The event illuminating this region is therefore a strong one. Moreover, the region brightens in less than one year, which implies that the luminosity of the illuminating source increased suddenly, by at least a factor 10. We point out once more that a lower-resolution analysis cannot characterize such events.
The illumination of Br2 supports the propagation along the Bridge predicted by Ponti et al. (2010) . However, the proposed scenario did not anticipate the high source variability implied by the fast variations revealed by Chandra in all regions, including the Bridge. The comparison of Br1 images between 2008 and 2011 shown in Figure 6 reveals a fast illumination of the area from west to east until 2010 and then an abrupt fading of Br1 eastern part in 2011 (see Br1d lightcurve in Figure 7 ). We perform a spectral analysis in order to prove that the variations seen in the image are significant. Fe Kα fluxes are extracted from the 26 × 61 arcsec 2 rectangles shown in Figure 6 and the corresponding lightcurves are presented in Figure 7 . The bright structure around (l,b) = (0.100
• , −0.085 • ) is ignored because it undergoes complex variations of both shape and flux which are difficult to reconcile with either Br2 or the underlying G0.11-0.11 cloud variations.
All lightcurves show significant variations as the increasing linear regression is preferred over the constant fit with at least 4.5 σ and up to 10 σ confidence level. In addition, a simple linear fit does not represent well the data, whose variations are characterized by a sharp increase shifted in time from region to region. This pattern strengthens the scenario of a propagation along the Bridge structure and indicates that the 2011 bright filament is indeed part of the Br2 cloud rather than G0.11-0.11. The 2011 filament is included in the Br2f region whose lightcurve is compatible with the previous analysis performed on the filament alone. This larger scale analysis is less relevant to precisely characterize the variation but has the advantage of being directly comparable with Br1 subregion variations. The fastest variation is seen in the Br1d region, which peaks at (11.7 ± 1.3) × 10 −6 ph cm −2 s −1 with about a factor 10 increase compared to the 2002 flux value. The time scale of the variation is less than three years, since the Fe Kα flux in both 2008 and 2011 is down to less than half of its peak value. This trend seems to be due to the illumination of an isolated filament as in Br2f and is compatible with the variation seen in region Br1a if we exclude the 2006 data point (mainly due to a bright structure that is no longer visible after then). Region Br1b might include more than one clump and thus misses the short variation. If the flare illuminating the Bridge region is 2 year-long, we expect Br1c and Br2f regions to drop to zero emission in the next few years while Br1e region should increase again before dropping as the others.
We conclude that the Br1 and Br2 regions are likely to be illuminated by a single strong event lasting less than three years. Moreover, the position of the western filament in the Br1a subregion seems to be moving away from Sgr A at a velocity compatible with the speed of light. This is a hint that the illuminating event could be even shorter but the extraction boxes are too large to fully characterize it.
MC1: linear variations on longer (decade) time scale
The MC1 cloud emission at 6.4 keV was found constant by the previous arcminute-scale analyses Capelli et al. 2012) . We confirm that on arcminute scale the Fe Kα emission of this molecular cloud is compatible with a constant emission. Nevertheless, the unique spatial resolution of Chandra allows us to study the variations of the Fe Kα morphology on arcsecond scale. Both the RGB map in Figure 4 and the sample of enlargements presented in Figure 8 , show that during the past decade the emission has varied with a clear pattern (from west to east). Therefore, smaller regions show faster variations. In order to characterize MC1 variations, we choose the subdivision presented in Figure 8 . From the 2000 From the , 2004 From the , 2008 From the and 2010 images of MC1 it is already clear that the subdivision chosen is still large to fully characterize the signal variations since the illuminated regions are small compared to the box size. Nevertheless, spectral analysis on even smaller regions does not give significant results due to poor statistics.
The lightcurves built thanks to the Fe Kα line fit performed on MC1 subregions are shown in Figure 9 . All lightcurves are characterized by a linear regression which is preferred with a confidence of 3.9 to 5.8 σ over a constant fit. The two western subregions (MC1a, b) display a decrease and the three eastern ones (MC1d, e, f) an increase of the emission level. The MC1c lightcurve is not well fitted by the linear regression. Its 2000 Fe Kα flux stands 3.8 σ below the constant fit and if we remove it from the fit the significance of the linear regression over the constant fit drops to only 2.8 σ. This is a hint that MC1c emission has reached a maximum luminosity and extrapolating from the emission of its nearby structures, we suggest that the MC1c region will experience the same decrease as MC1a and MC1b in the next few years. Therefore, the MC1 variations are consistent with being the result of a signal propagating through a molecular cloud. Moreover, the absolute slopes of the subregion regressions are all consistent with a temporal gradient of 0.3 × 10 −6 ph cm −2 s −1 yr −1 which is consistent with a rather homogeneous and continuous structure. This is the first reported detection of 6.4 keV variations inside the MC1 cloud. These variations closely follow a linear time variation, decreasing close to the Galactic center and increasing farther away, and appear quite different from what is seen in the Bridge region. These differences can be due to either distinct cloud structures or distinct illuminating events. These two possibilities will be discussed in section 6.
The 4-8 keV emission: systematic analysis of the Sgr A complex variations on a 15 scale
The Fe Kα characterization presented in section 4 was performed on specific and bright regions where such an analysis was feasible. It highlights the importance of small-scale analysis but cannot be performed on the overall Sgr A complex since the statistics are too poor in most regions. Therefore, we have performed a systematic analysis of the overall Sgr A complex region using the 4 to 8 keV flux to characterize the high-energy signal variations in 15 arcsec squared bins. The aim is to determine the time scales of all varying regions in the complex in order to constrain the illumination pattern as much as possible.
Since the instrumental background is weak compared to the typical emission in the Sgr A complex, and since the only varying extended component is the reflection, we can safely attribute the variations to the propagation of energetic X-rays. Indeed, the test performed on the previously studied regions shows that the 6.4 keV and the 4-8 keV flux emissions display the exact same variations, which thereby indicates that the 4-8 keV flux is a proper tracer of the variations due to reflection. It allows an improved statistical characterization of the variations but the origin of its steady component is of course more difficult to assess, since there are contributions from the hot thermal plasma and the internal background.
Presentation of the data through images
We performed a systematic analysis of the data-cube containing the 4-8 keV flux information for each 15 arcsec squared pixel of the Sgr A complex map and for each available year. We use the CIAO dmstat routine to count the number of photons of energy between 4 and 8 keV in the image and in the background image. Using the corresponding exposures we then compute the 4-8 keV flux for each year and the corresponding 1 σ error, assuming a normal distribution.
Due to different observation strategies and the limited field of view, the time coverage is not uniform across the studied regions. The MC1, MC2, Br1 and Br2 areas are well covered (data from 8 or 9 years) while G0.11-0.11 presents a sparser coverage on the western and southern parts (only 2 or 3 years). The number of observation years available for each pixel is shown on the top left map in Figure 10 , and it corresponds to the number of data points constituting the corresponding flux lightcurves.
The bottom left and right panels of Figure 10 present respectively the minimum and the maximum values of all pixel lightcurves. Both maps show that the emission is correlated with molecular material, as denser regions appear brighter. Minimum values are not representative of a zero level of emission since part of the map region is illuminated during the entire time period. Yet, the minimum flux values are almost all below 2.5 × 10 −6 ph cm −2 s −1 while the maximum map highlights the five molecular structures previously identified, the cores of which are detected at more than 5 × 10 −6 ph cm −2 s −1 . From this comparison it is clear that variations are visible on a 15 arcsec scale and they might not be limited to the brightest regions. In order to further characterize these variations, we perform a systematic analysis of the lightcurve variations. Some characteristic lightcurves of regions pointed out on the top right panel in Figure 10 will be presented in Figures 12, 13, 14 and 15 to further illustrate the different variation behaviours.
Characterization of two variation behaviors
To characterize the regional variations we perform both linear and constant least-squares fits to the 4-8 keV lightcurves extracted from 15 arcsec squared regions. The results are presented in terms of fit rejection probabilities in the two top maps of Figure 11 . Regions presenting a significant point-source contribution have been removed for this analysis. Moreover, in order to improve the visibility of regions displaying similar behaviors, probabilities are combined on a scale of 30 arcsec. We take the number of trials into account and correct probabilities accordingly.
The constant fit results highlight the regions that are significantly varying (top left panel in Figure 11 ). They are mostly included in the five large identified regions and represent about one third of the total area. About two thirds of the Sgr A complex is therefore characterized as constant by our analysis. These subregion's lightcurves are compatible with a constant emission, as shown in Figure 12 . Their fluctuations are negligible and this is strong evidence that variations detected in the regions that correlate with the molecular structures are real.
The linear fit results highlight the regions having a strong non-linear variation (top right panel in Figure 11 ). They are found mostly in Br1 and Br2 and a sample of lightcurves extracted from these regions is presented in Figure 13 . The time scale of the variation observed is fully compatible with what has been inferred from the previous Fe Kα characterization of these regions, and the amplitude of the variations is slightly smaller because in the 4-8 keV range the reflection emission is polluted by non-varying background emissions.
By comparing the linear and the constant fit results we also identify regions which are characterized by a linear variation. Such regions are mainly included in the MC1, MC2 and G0.11-0.11 structures. A sample of the lightcurves from MC1 regions is shown in Figure 14 . They are fully compatible with what has been deduced from the spectral analysis of this region and the variation amplitude obtained by this second analysis is even slightly larger because the size of the subregions we consider here are closer to the emission variation angular size. Moreover, MC2 and G0.11-0.11 cloud emissions are globally decreasing on a ten-year time scale and a sample of characteristic lightcurves of these two regions is presented in Figures 14  and 15 . The emission decrease is fully compatible with the one seen in the MC1 cloud and this is a strong hint that these three clouds are witnessing the same illuminating event. Nevertheless, some subregions of G0.11-0.11 seem to have a different trend with, in particular, a hint of a slight emission increase. This difference inside G0.11-0.11 can be explained by a complex structure of the molecular cloud as these particular subregions could either be slightly further away along the line of sight and therefore seeing the same event but with a delay, or they could be slightly closer and seeing a later event. The 4 to 8 keV lightcurves of different 15-arcsecsquare regions in MC1 and MC2, overlaid with constant (red) and linear (green) fits. The exact positions of these regions are given in Figure 10 . The strong variations seen in these regions are well fitted by a linear regression.
Hints of a signal propagation
From the previous individual lightcurve characterizations it is clear that most of the variable regions have linear variations. In order to visualize the spatial disposition of the increasing and decreasing trends, we map the value of the linear fit slope if the constant fit is rejected at more than 5 σ. The results are shown on the bottom left panel of Figure 11 . Most detected variations are spread over several contiguous regions showing the same trend. In particular, all five identified areas show correlated variations. The signal appears to have propagated from west to east as the western part of MC1 and MC2 have shown a decrease while the eastern part of MC1 and the Bridge have increased. In the easternmost portion of the field, the G0.11-0.11 cloud does not conform to this apparent propagation; it shows a clear decrease. However, if located much further in the foreground, the G0.11-0.11 cloud could be seeing the same X-ray event as the regions showing the West to East trend. This method of mapping the slope of the variability also highlights variations in fainter areas by detecting a decrease to the south of the MC2 area and an increase to Fig. 15 .
The 4 to 8 keV lightcurves of different 15-arcsecsquare regions in G0.11-0.11, overlaid to constant (red) and linear (green) fits. The exact positions of these regions are given in Figure 10 . The strong variations seen in the first two regions are well fitted by a linear regression, and the third hints for a different behavior.
the south of the Br1 area. This strengthens the theory that an X-ray front has been propagating through these structures and that the fainter areas are spatially nearby the brighter areas.
The linear fit is inadequate to properly characterize Br1-type variations. Therefore, we also consider the year of the peak emission if the linear fit is rejected at more than 5 σ. The results are mapped in the bottom right panel of Figure 11 . According to this stricter characterization, 7% of the total area has non-linear variations. Most of the variations are detected within the Bridge and the peak years are fully consistent with the previous linear characterization. We point out that the MC1 central region also presents non-linear variations, as previously mentioned in section 4.2. This non-linear trend is restricted to a few central pixels but is spread over a larger region of the map due to the smoothing of the probabilities over a 30 arcsec scale.
The systematic characterization of the variations in the Sgr A complex confirms the presence of two different time behaviors. The strong and fast variations already detected in the Br1 and Br2 regions by the previous spectral analysis seem to be restricted to these two structures while the longer linear variations detected in MC1 are also visible in the MC2 and G0.11-0.11 clouds. A further characterization of the variability trends in adjacent regions shows both increasing and decreasing emissions and highlights an apparent propagation of the signal through the Sgr A complex.
Schematic view of the variations
The results of section 5 are summarized in Figure 16 , showing the varying regions of the Sgr A complex and their type of variation, and it compares the conclusions of this last analysis to those presented in sections 3.2 and 4.
From both the Fe Kα analysis and the systematic analysis of the 4-8 keV emission at the 15 scale, we report a 2-year peaked variation in the Bridge (Br1 and Br2), with a propagation away from Sgr A . This behavior is restricted to the Bridge molecular structure. All the other molecular clouds with significant flux changes display linear variations over 10 years, either increasing or decreasing. Therefore there are two different time behaviors in the Sgr A complex. 
Discussion
Our 15-arcsecond-scale characterization of the Sgr A complex reveals an abrupt rise and fall in the Bridge emission with a flux increase of at least a factor of 10 and lasting no longer than 2 years. This is a strong indication that the illuminating flare for this particular event is either short or has significant temporal substructures. We also report the detection of much slower linear time variations in both the MC1 and MC2 clouds, linked to morphological changes of the emission in both structures. This clearly indicates a more complex illumination pattern than the constant flux assumed by Ponti et al. (2010) to estimate the positions of the clouds along the line of sight in order to assess whether a single long flare could account for all the illumination. Moreover, the slopes of the MC1 and MC2 clouds lightcurves are fully similar to the decreasing trend of G0.11-0.11 variations, also characterized by our arcsecond scale analysis. This is a hint that at least these three molecular clouds might be witnessing the same event almost simultaneously.
The two different variation behaviors observed in the Sgr A complex increase the number of constraints on the global illumination of the region. We investigate whether all variations can still be explained by one single illuminating event. Since the time behaviour of the cloud emission is the result of a convolution between the illuminating event lightcurve and the cloud structure, the observed difference could indeed be explained by either different cloud morphologies or distinct illuminating episodes having different time signature.
The following two subsections include calculation results based on equations 1-3 of Sunyaev & Churazov (1998) , which relate the reflected Fe Kα flux measured from the cloud to the luminosity of the source. The measured flux depends on the fraction of the total flux intercepted by the cloud (based on size and distance from the source), the cloud column density and iron abundance. The cloud parameters used for this calculation are summarized in table 3. We point out that the adopted distance between the clouds and Sgr A combines the projected distance to Sgr A and the line of sight distance determined by the age of the illuminating event (all fluorescent photons created by an X-ray radiation emitted at a given time are along the same paraboloid, Sunyaev & Churazov 1998) . We also assume that the excitation temperature is the same for all clouds and that the clouds have a solar iron abundance and are not self-absorbed at the molecular transition, so the column densities are directly proportional to the antenna temperatures. Notes. 
Assumption of one single illuminating event: constraints
Since variations occurring in the Sgr A complex are spatially organized, it is legitimate to consider that all clouds are illuminated by the same event. In this case the short variation within the Bridge provides the strongest constraint on the profile of the X-ray flare. It implies a strong variation with a duration of less than two years, peaking at least at 10 39 erg s −1 possibly accompanied by a much longer, but ten times weaker, level of activity.
To a first approximation, we assume the contribution of any lower level of activity is negligible. Thus, the total duration of the flare is no more than two years and its profile is characterized by a sharp peak. In this case, the longer-term variation seen in the scattered light from all clouds except the Bridge, can only be explained if these clouds have a substantial extent along the line of sight. The extent needed to explain a ten-year illumination with a two-year event depends on the position of the cloud. For instance, the physical line-of-sight extent required for the MC1 or MC2 clouds is between 3 pc for a recent event (50 years ago) and 1.5 pc for an earlier one (300 years) while it is slightly larger for G0.11-0.11 (between 4.5 and 1.5 pc). These values are comparable to the widths of the emission regions measured in the Chandra 6.4 keV flux maps.
Nevertheless, if the longer variation seen in the MC1, MC2 and G0.11-0.11 clouds is attributable to a 2-year flare propagating through their interiors, then the illuminated fraction at any given time is less than one third of their total column densities. In particular, the case of a single event implies that all the clouds are along the same paraboloid (Sunyaev & Churazov 1998) which means that clouds aligned along the line of sight like Br2 and G0.11-0.11 have to be at the same physical position (despite their different molecular line velocities, Figure 2 ). Since the observed Fe Kα peak intensity of these two clouds is consistent with being the same but with different durations and because they have to be at the same distance from Sgr A , the G0.11-0.11 column density should be at least three times larger than the Br2 one. This is more than six times larger than what is implied by the molecular line measurements (table 3) . The discussion is less straightforward for the two other clouds since MC1 and MC2 could be closer to Sgr A than the Bridge. This could partly compensate for their lower column density. All together, we find that MC1, MC2 and G0.11-0.11 require column densities that are at least three and up to ten times larger than what is inferred from molecular tracers. This excludes a single 2-year flare scenario for the illumination of all these clouds. Adding a longer but ten times lower activity period to this peak does not significantly change this conclusion.
Moreover, as already mentioned, since the linear trends detected in the MC1, MC2 and G0.11-0.11 clouds are very similar, this is a strong hint that this variation pattern is linked to the intrinsic illuminating flare duration rather than to the individual cloud structure. In the case of a single two-year flare, only the cloud density gradient along the line of sight can be invoked to reproduce the linear variation observed on 15-arcsec scale: this means that the three clouds should have a very similar density gradient, which is very unlikely. Once again, adding a ten times lower level of activity before and after the flare peak does not solve this issue.
Finally, it is difficult to reconcile all the illumination seen in the CMZ with a single 2-year flare since such an event should be illuminating less than 1% of the matter. Moreover, it would constrain the positions of all bright Fe Kα clouds to the surface of a thin paraboloid, which also seems very unlikely. Therefore, density, structure and position constraints strongly disfavor the single flare scenario.
Towards a scenario with at least two illuminating events
The Bridge region is illuminated by a 2-year peaked event during which the luminosity of Sgr A had to be at least 10 39 erg s −1 . The presence of an underlying 10 times fainter component of the illuminated flux having a much longer duration cannot be excluded.
Let suppose the linear variations seen in all the other clouds are due to a single other event. According to the considerations presented in section 6.1, the minimum duration of this second flare can be derived from the cloud linear trend and is found to be substantially longer than the event illuminating the Bridge. Since the reflection time scale can be twice the flare duration when the reflecting clouds are behind the source, we can set a 10-year lower limit on the flare duration (a 5-year increase plus a 5-year decrease). Sgr A 's past luminosity relative to this longer flare can be estimated using the N H values derived by Ponti et al. (2010) and assuming a position along the line of sight. In case of a recent flare (50 years ago), MC1 and MC2 should be very close to the black hole compared to G0.11-0.11. Therefore, the sustained luminosity of Sgr A during the longer flare should be at least 5 × 10 38 erg s −1 and up to few 10 39 erg s
to explain the flux detected respectively in MC1 and G0.11-0.11. This luminosity discrepancy is reduced if we consider older flares. For instance, for a flare fading about 200 years ago, the luminosity of Sgr A should be of the order of few 10 39 erg s −1 to explain the fluxes detected in all three clouds. This seems more compatible with the simultaneous and similar decrease observed in these clouds.
Therefore, two distinct events of similar intensities could account for the variations seen in the Sgr A complex. Nevertheless, the precise dating of these two flares, their chronological order and the level of emission in between are difficult to assess, and of course we cannot rule out the possibility that there have been more than two flares and that G0.11-0.11 and the MC1 and MC2 clouds have been illuminated by different events, albeit with similar signatures.
Can known Galactic center transients be an alternative
to Sgr A ?
An important question raised by this two-flare scenario is whether at least one of the events could be due to an X-ray transient rather than to Sgr A . The time scale of the event seen in the MC1, MC2 and G0.11-0.11 clouds and in particular the 10-year rise and the 10-year decay observed suggest that this event is not due to one of the typical Galactic center transients (Degenaar et al. 2012) . By contrast, the sharp and short variations witnessed in the Bridge call Sgr A into question as a privileged candidate.
X-ray binaries are legitimate candidates since they can have bursts with luminosities up to 10 39 erg s
and some of them are presumably closer to the Bridge molecular cloud than the Galactic center is. Nevertheless, their spectral shape is less favorable for producing the Fe Kα line emission than the power-law of photon index Γ = 2 assumed for Sgr A . We compare the luminosity required to produce the Fe Kα flux observed in the Bridge (L > 10 39 erg s −1 for one year at the position of Sgr A ) and the typical luminosities produced by known black hole X-ray binaries (Dunn et al. 2010) . The distance between the X-ray binary and the cloud is the only free parameter. We find that at the position of the Galactic center, none of these sources (GRS 1915+105 and the typical black hole X-ray binaries, Dunn et al. 2010 ) is able to explain the emission observed in the Bridge. At a distance of about 10 pc from the Bridge (twice shorter than the projected distance between the Bridge and Sgr A ), a source with a one year burst having an intensity comparable to that of GRS 1915+105 would account for both the required luminosity and the duration of the observed event. Nevertheless, the matter distribution around the position of this hypothetical source would need to be very specific in order to explain the propagation of the echo seen in the Bridge. All other outbursts from typical X-ray binaries (e.g., GX 339-4, GRO J1655-40, H 1743-322) are excluded since the position of these hypothetical sources should be less than 5 pc away from the Bridge and so they should have been detected in the past 30 years. Therefore, an X-ray binary origin seems very unlikely considering current knowledge of the behavior of Galactic X-ray sources (Dunn et al. 2010; Degenaar et al. 2012 , and references therein).
The recent discovery of the Soft Gamma Repeater (SGR) J1745-29 (Kennea et al. 2013; Mori et al. 2013) at only 3 arcsec from Sgr A (Rea et al. 2013) suggests that this object could be another plausible candidate for the illuminating event.
Indeed SGRs sometimes emit extremely luminous and hard X/γ-ray bursts. The brightest such burst to date is the 2004 giant flare of SGR 1806-20 that released a total energy of few 10 46 erg in high-energy radiation (> 30 keV) in a fraction of a second (Hurley et al. 2005) , and a hundred times less energy in the ensuing pulsating tail. In this case only a small fraction of any given cloud would be illuminated at a particular time. Yet, the total energy released in this burst was equivalent to that of a source with a luminosity of 10 39 erg s −1 active for about one year, making such a giant flare a potentially viable origin for the observed short duration echo. But most of the energy of a giant flare is released in high energy photons beyond 100 keV which do not effectively produce 6.4 keV line emission. To properly evaluate the effective reflected emission produced by such an event occurring at the Galactic center, we used the 2004-flare spectrum of SGR 1806-20 measured by Frederiks et al. (2007) : a very hard power-law (photon index Γ = 0.73) with a cutoff at about 660 keV. We modulated it by the iron cross section for photoelectric absorption and applied the parameters of the Bridge 2011 filament discussed in section 4.1. Due to the hard spectrum of the source, the computation gives an expected reflected flux in the Fe Kα fluorescence line of only about 2 × 10 −8 ph cm −2 s −1 for the filament while we measure a flux of 3.2 × 10 −6 ph cm −2 s −1 , more than two orders of magnitude higher. For the SGR spectrum measured by Hurley et al. (2005) and others the situation is even less favorable. A higher density and/or a different geometry for the filament could imply a larger reflected fraction of the illumination and lower the energetic requirements. Yet, the predictions remain one order of magnitude below the measured flux. A flare significantly more energetic than the one produced by SGR 1806-20 in 2004 is thus required to explain the observed emission. Therefore, we conclude that, at the moment, an enhanced past activity of Sgr A is still the preferred explanation for the outbursts reflected by the molecular clouds of the Sgr A complex.
Conclusion
Using high spatial resolution data from the Chandra X-ray Observatory, we observed for the first time short and strong variations in the X-ray emission from several clouds in the Sgr A complex. We confirm the general trend on large scales (few arcmin) that indicates that this emission is the reflection of a luminous episode of hard X-ray emission most likely due to the past activity of Sgr A . We investigated smaller scale variations and in particular we report: -The appearance in 2011 of a new bright and thin filament (0.2 × 1 pc 2 ) in the eastern part of the Bridge, in the direction of the superluminal propagation previously observed . Based on a reasonable assumption about its density, we conclude that the luminosity of Sgr A was at least 10 39 erg s −1 in order to produce such a bright filament.
-The first detection of both an increasing and a decreasing phase for the same emitting structures. In particular we identify a 2-year peaked emission that has propagated through the Bridge. This behavior is well characterized by analyses of both the Fe Kα line and the 4-8 keV continuum. -The presence of 10-year linear variations in all bright molecular structures of the Sgr A complex except for the Bridge. In particular we report the first 6.4 keV detection of intrinsic variations in MC1, characterized by a 10-year increase in its eastern side and a decrease in its western side with a similar temporal gradient. The MC2 and G0.11-0.11 clouds show only a 10-year linear decrease. In theory, a 2-year event could account for both the short variation seen in the Bridge and the longer trend detected in all other clouds. Nevertheless, the constraints derived under this hypothesis on the clouds' relative densities are not compatible with values given by molecular tracers and therefore this possibility is excluded. Thus, the two behaviors characterized for the first time by the present work on the Sgr A complex are likely to be due to the reflection of two distinct past flares of Sgr A . The underlying level of activity of Sgr A at times surrounding the time of the prominent flares is not well constrained, but is possibly much higher than the current activity level of Sgr A . Characterizing the frequency of such events along with their durations and their intensities will be fundamental to identifying the physical processes responsible for these past changes in the luminosity of Sgr A . They could be due to catastrophic events such as, a transient jet induced by a partial stellar capture (Yu et al. 2011 ), a capture of planets (Zubovas et al. 2012) , or the accretion of debris produced by tidal interaction of stars (Sazonov et al. 2012 ), but they can also be explained by stochastic variations of the accretion rate due to the emission of clumps by the winds of massive stars orbiting Sgr A (Cuadra et al. 2008 ).
The present work emphasizes the importance of characterizing the most rapid variations that manifest themselves on small spatial scales. Indeed, we reveal a complex illumination pattern with rapid and fine variations. The timing of these variations is the key for spotlighting the simultaneity in the illuminated cloud behaviors and therefore for constraining the relative positions of the clouds. This aspect is ignored in most other approaches that rather rely on modelling the emission over large regions by averaging their intrinsic behavior.
A global scenario relating the detailed variations observed in the Sgr A complex to the other reflection features seen in the CMZ is beyond the scope of this paper. A global cloud modelling and an analysis of the reflection in the overall CMZ will be the subject of a future work.
